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ABSTRACT
CHARACTERIZING AND PREDICTING BEAVER POND HABITAT IN KITTITAS
COUNTY, WASHINGTON
by
Kylie Lynne Vroman
June 2022

North American Beavers (Castor canadensis) are important ecosystem engineers
in the Pacific Northwest (PNW), as they provide ecosystem services and create habitats
that benefit aquatic species, watersheds, and riparian vegetation. Even though the species
has been coined a “nuisance” in some settings, it is common for environmental agencies
to capture beavers and relocate them to areas where it is less likely for them to cause
damage. This study geospatially modeled the Kittitas County landscape to identify areas
of suitable habitat. Nine existing beaver ponds in Kittitas County were investigated; three
of which were prior relocation sites that had failed, three were identified as successful
beaver relocations, and the remaining three were naturally occurring beaver ponds. Using
water quality components and vegetation surveys, each pond was determined to provide
suitable aquatic and terrestrial habitat for regional flora and fauna. These ponds were
characterized in relation to main channels of regional streams in Kittitas County to
identify any potential differences in water quality between the two. Lastly, a geospatial
analysis was used to identify county-wide areas where beavers would have the highest
likelihood of successful colonization if they were to be relocated in future management
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practices. The county contains approximately 420 square kilometers of suitable beaver
habitat, with about 180 square kilometers occurring in commercial forested lands. The
most important takeaway from the study is that preliminary investigation work and
habitat analysis is crucial when attempting to successfully re-locate or re-populate beaver
colonies, and that beavers frequently move throughout a stream section depending on
seasonal conditions.
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CHAPTER I
INTRODUCTION
Research Problem
North American beavers (Castor canadensis) are a prominent semi-aquatic
mammal found along streams and rivers throughout the United States. Numerous studies
illustrate that beavers provide extensive ecosystem services and promote habitat
improvement for various species that inhabit stream and pond environments (Pollock et
al., 2004; Kemp et al., 2012; Anderson et al., 2015; Law et al., 2016; Pilliod et al., 2017;
Dittbrenner et al., 2018; Brick & Woodruff, 2019). Despite their benefits to stream
ecosystems, beavers are often removed from agricultural, urban, and populated
landscapes because of their reputation for flooding property and causing destruction to
trees and shrubs. More needs to be learned about management choices that facilitate coexistence with beavers in order to utilize their stream restoration abilities and their
benefits on habitat (Pilliod et al., 2017). There is also a need for evaluations of suitable
beaver habitat at the basin-level for management and restoration purposes to determine
which areas beavers are most likely to successfully colonize and improve ecosystems. To
date, this kind of basin-wide evaluation has not been done in the Yakima River Basin
(YRB) of central Washington
A beaver relocation project that began in 2011 in the upper YRB, along with
naturally occurring and abandoned beaver dams, provides an opportunity to gain insight
into the factors that predict the success of beaver establishment. In 2011, the Washington
Department of Fish and Wildlife (WDFW) and Mid-Columbia Fisheries Enhancement
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Group (MCFEG) began capturing North American beavers in the lower Kittitas Valley
and translocating them to areas in the upper YRB, choosing sites based on an in-house
feasibility study. Final translocations and observations were completed in 2015 (Babik &
Meyers, 2015), but unfortunately, further monitoring and observation of study sites to
determine the success of recolonization efforts and the extent of ecosystem modification
has not continued (R. Wassel, personal communication, November 2020).

Purpose
The purpose of this research is to determine areas in the upper YRB within
Kittitas County that are suitable for beaver colonies to settle and build their dams and
related structures. To accomplish this, I used data and observations about beaver ponds
and habitat conditions currently existing in the YRB and characterized those sites to
develop a geospatial habitat model. The model determines additional suitable areas for
beavers in the basin. These analyses can help guide future management decisions
accordingly. To that end, this research achieved the following four objectives:
Objective 1: To assess habitat conditions in the upper Yakima River Basin for
beaver colonization and dam construction by characterizing existing beaver ponds.
This objective sought to answer research question 1: What environmental
conditions present in the upper YRB promote successful beaver pond habitat and beaver
colonization? Utilizing existing beaver dams, stream quality data in the ponds was
collected through fieldwork and analyzed through geospatial data analysis to assess
habitat conditions. Study sites included nine beaver ponds in Kittitas County. Six of the
sites are assumed to be MCFEG beaver relocation sites, and three sites are beaver pond
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complexes that were established without prior relocation efforts. Main channel control
sites were assigned to each study location for comparative analysis. Habitat assessment
parameters were chosen based on prior habitat studies that provided important criteria for
beaver survival and overall success in a stream environment (John & Kostkan, 2009;
Anderson & Bonner, 2014; MacFarlane et al., 2015).
•

A combination of geospatial data and field notes from previous studies were used
to locate, visit, and record study sites in the county

•

Field data collection at beaver ponds and associated main channel controls
included assessing water quality parameters such as temperature, dissolved
oxygen (DO), conductivity, turbidity, and pH, substrate conditions, riparian
vegetation, presence of large woody debris (LWD), as well as geomorphological
observations of bankfull width, channel slope, valley width, and side slope.

•

Geospatial data supplemented field data to assess related environmental
conditions such as channel gradient, width and confinement, valley slope, and
riparian vegetation composition.

Objective 2: To compare the water quality in the beaver ponds to the main channel
and the sediment composition across different types of beaver ponds to determine
differences in quality of aquatic habitat.
This objective aims to answer research question 2: What water quality criteria are
significantly affected by beaver pond complexes in the upper YRB? This objective was
used to quantify the data that was collected in the field using R statistical processing
software.
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•

Paired t-tests were used to test for differences between water temperatures at the
inlets and outlets of the ponds using minimum, maximum, and average
temperatures collected by automated thermographs.

•

Paired t-tests were used to test for differences in water quality components
between the beaver ponds and the main channel.

•

An analysis of variance (ANOVA) test was used to add a time component to the
water quality assessment to test if there was a difference in water quality
parameters across the field work period from July to September.

•

An ANOVA test was also used to look for differences in sediment size and
organic matter content across failed relocation, successful relocation, and natural
occurring beaver ponds.

Objective 3: To create a geospatial model to evaluate suitable habitat for future
beaver relocation.
Research question 3 is answered by this objective: How many square kilometers
of suitable beaver habitat does the upper YRB and Kittitas County contain? The
Geographic Information Systems (GIS)-based multi-scale approach to habitat suitability
modeling (Store & Jokimaki, 2003) was the baseline for creating a model for beaver
habitat assessment in the upper Yakima Basin and Kittitas County. Additionally, data
collected in this thesis effort was used in conjunction with the geospatial model to
identify potential beaver relocation sites.
•

The model used GIS data layers of slope and proximity to streams to rule out any
area where beavers could not successfully colonize or build.
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•

Additional information such as vegetation availability and current land use can be
incorporated into the GIS analysis on a case-by-case basis to further identify
suitable beaver habitat using the slope and stream proximity layers as a reference.

•

This model will be useful in predicting potentially viable habitat sites where
beaver-related restoration projects are more likely to be successful based on the
collected field data.

Objective 4: To suggest future practices for water management, habitat restoration,
and beaver relocations based on findings from the geospatial model and associated
field data collection
Objective 4 aligns with research question 4: what does this study illustrate about the
relationships between beaver pond complexes, riparian habitat, and aquatic habitat in the
upper YRB, and how can that knowledge be applied to future management decisions for
beaver relocations and habitat restoration?
•

Thesis results were summarized and distilled into recommendations for
management action related to beaver relocation efforts.
Additionally, all the listed objectives collectively seek to answer one remaining

research question: Are the beaver habitat suitability factors identified in this study the
same as those identified in other studies?

Significance
This research will be the most in-depth study to date that characterizes beaver
habitat suitability in the upper YRB. Completing this study will help MCFEG determine
if their beaver relocation project in 2015 was successful, and if these beavers are creating
5

quality habitat for aquatic species, salmonids, and waterfowl. The MCFEG and other
agencies can also use this study to determine where beavers should be placed for future
relocation projects. Additionally, this study will be added to an existing body of research
assessing beaver habitat in various river basins in the PNW (Pollock et al., 2014; Law et
al., 2016; Babik & Meyer, 2015). The goal is that this GIS model developed for this
research may be transferable to similar projects in other basins and may be used for
future management decisions in selecting suitable beaver relocation habitat. The results
of this study will provide a better understanding of beaver population management and
the ways in which these ecosystem engineers carry out natural stream restoration. It may
be that translocating nuisance beavers proves to be more beneficial than using heavy
machinery to add LWD to degraded streams (Brick & Woodruff, 2019). If so, managers
can consider using this model and beavers for restoration as a cost effective and less
intrusive alternative to human restoration projects (Pollock et al., 2004).
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CHAPTER II
LITERATURE REVIEW
To illustrate the ecosystem services provided by beavers and how those services
benefit the stream community as well as human societies, one must consider a wide
variety of environmental factors, such as changing climatic trends, water resource
management, and interrelationships among hydrology and beaver structures. These
factors are particularly important during years with low snowpack and groundwater
recharge when stream flow can become critically low. The necessary background
research for this project encompasses suitable beaver habitat requirements and ecosystem
services provided by beavers, beaver impacts on riparian vegetation, prior stream habitat
restoration efforts in the YRB, and the species interactions with beavers observed in other
river basins.

Beaver Habitat and Ecosystem Services
For millennia, beavers have played an active role in shaping river ecosystems in
the PNW and across North America by creating semi-permanent structures that alter
hydrology. In the mid-19th and early 20th centuries, both Eurasian (Castor fiber) and
North American beavers were exploited by trappers for the fur industry, and they were
lethally removed from landscapes as settlers developed the western United States (Carlos
& Lewis, 2010). After a price drop in fur and after the realization of the benefits provided
by beavers, trapping dwindled and populations in the United States began to increase in
the late 1930s and early 1940s. Modern day removal of beavers generally sought to
prevent negative interactions between humans and beavers (Muller-Schwarze, 2003),
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especially in areas with built infrastructure such as urban stream channels or irrigation
ditches.
The decline of watershed health throughout the western US has been attributed to
the widespread extirpation of beavers from the landscape (Brick &Woodruff, 2019). As a
direct result of beaver extirpation, streams became heavily incised by runoff, and
groundwater storage decreased due to rapid flows with little residence time (Brick &
Woodruff, 2019). One of the major ways in which stream degradation has manifested is
the loss of habitat and biodiversity of aquatic, terrestrial, and riparian species. As stated
by Montgomery (2007), when stream channel incision occurs, the elevation of the stream
channel lowers, disconnecting it from the floodplain and speeding streamflow. The
groundwater table lowers proportionally with the stream channel resulting in the loss of
wetlands, warmer average water temperatures, and lower baseflows throughout dry
months. To slow these flows and allow suspended sediment loads to settle, obstructions
like beaver dams and woody debris need to be present.
Beavers are considered a keystone species, meaning that the services they provide
within an ecosystem directly benefit at least one human or non-human organism
(Teitenberg & Lewis, 2018). In river systems, these ecosystem services include aiding in
groundwater recharge, water storage, and the creation of stream habitat complexity
(Brick & Woodruff, 2019; Bailey et al., 2019; Pollock et al., 2014; Pilliod et al., 2017).
Groundwater is a depletable resource and aquifers across the United States are being
exploited (Tietenberg & Lewis, 2018; Alam et al., 2019). To recharge these aquifers,
there needs to be a period of inundation so the ground can absorb water through
infiltration. In the developed world, impervious surfaces like asphalt cover a larger
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portion of the ground, reducing the ability to absorb surface water and replenish ground
water reserves (Alam et al., 2019). Beavers can aid groundwater recharge by damming
streams and slowing surface water flow, creating inundated wetland areas, and increasing
the water table through infiltration and sustained saturation (Bailey et al., 2019). This
slowed water collects behind a beaver dam and begins to move laterally to create a wide,
marshy buffer zone along a stream bank. Additionally, beavers are considered ecosystem
engineers because they alter ecological processes by creating natural structures within
rivers and streams (Bailey et al., 2018). In creating these structures, beavers diversify
aquatic habitat for juvenile fish, waterfowl, and other terrestrial species by creating pools
and slowing incision to restore stream complexity. Numerous studies address the use of
beaver ecosystem services to restore degraded streams (Pollock et al., 2014; Pilliod et al.,
2017; Law et al., 2016). Where the water slows and creates a pool, the reconnected
floodplain creates an environment where emergent vegetation can thrive. Beechie et al.,
(2010) highlights that the root structures of the emergent vegetation hold sediment in
place and allow for more riparian vegetation to grow. This creates a positive feedback
loop of food and trees used as building materials for the beavers that created the initial
obstruction. However, further research is needed in the upper YRB to identify areas
where beaver-related stream restoration is possible, and if these areas overlap with
potential suitable beaver habitat.
As the climate changes, water resource managers are becoming increasingly
concerned about water storage (Alam et al., 2019). Each winter, snowpack decreases and
spring runoff melts away quicker and earlier in the year. There is also evidence of more
precipitation falling as rain in winter months instead of snow (Kumar, 2012; IPCC,
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2022). Without the gradual release of water from snowpack throughout the summer,
rivers and streams are experiencing dangerously low water levels and high temperatures
during the summer months (Brick & Woodruff, 2019). Current methods of storing water
are controversial because they involve infrastructure and dams, which are expensive and
not popular among environmentalists due to habitat destruction of flowing water habitats
and fragmentation of ecological connectivity (Brick & Woodruff, 2019). Although water
can be stored in reservoirs, it additionally becomes subject to evaporation, which can lead
to significant loss. Alternatively, studies have shown that wetlands are a productive way
to store water, and wetland complexes created by beavers can increase watershed storage
capacity naturally without the cost and effort of human-engineered wetlands (Brick &
Woodruff, 2019). In addition to storing spring runoff for slower release throughout the
year, these wetlands also slow and trap storm runoff which is especially important in
urban areas. Storm water can be heavily polluted, and wetlands serve as a natural filter to
purify runoff and absorb excess nutrients from stream water. Brick & Woodruff (2019)
stated that, “there is simply no evidence that beavers harm watershed storage capacity,
and a wealth of evidence that beaver wetlands act as watershed sponges.”
Beavers require specific habitat components to successfully build dams and
colonize. Four key components are food availability, proximity to a water source, valley
slope and topography, and stream geomorphology (Bonner et al., 2009; John & Kotskan,
2009; Anderson & Bonner, 2014; Macfarlane et al., 2017; Dittbrenner et al., 2018). As
with any species, beavers need a consistent food source which coincidentally doubles as
their building materials for dams and lodges. Beavers require soft, fibrous tree species
like alders and willows for eating and building (Baker et al., 2005; Hood & Bayley,
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2009). Additionally, beavers need to have access to a permanent water and be within a
certain proximity of a stream. The furthest a beaver can successfully live from a stream is
estimated to be around 200 meters (John & Kotskan, 2009; Anderson & Bonner, 2014).
Appropriate valley slope is also important since beavers create foraging canals near
streams and must be able to drag trees and limbs back to their ponds (Anderson et al.,
2015). Previous habitat suitability models for beavers have suggested that 0-10% slope
rise is the most suitable for beavers to settle, and that anything over 24% slope rise is too
steep and should be considered unsuitable for beavers (John & Kotskan, 2009; Anderson
& Bonner, 2014). Finally, stream geomorphological components like width and gradient
influence whether a beaver can slow the flow of water and construct dams and lodges. An
appropriate stream gradient that allows beavers to stop stream flow is between 0-14% and
studies have reported that beavers have not been recorded in streams with a flow gradient
of over 15% (Allen, 1983). Closely related to this is stream width and confinement. If a
stream is only as wide as the valley that confines it, the stream is uninhabitable for
beavers. Wide valleys (46 meters or greater) are defined as the most suitable (Allen,
1983). Suitable stream width is difficult to define as active channel width and bankfull
widths fluctuate, leading this component to be more reliant on valley with and stream
gradient (Macfarlane et al., 2017).

Prior Stream Restoration Projects in the YRB
Various studies performed in the YRB address salmon habitat restoration and
bolstering salmon runs (Knudsen et al., 2008; Hubble et al., 2004; Bosch et al., 2007;
McCartney, 2004; Yakama Nation, 2017). Sockeye salmon (Oncorhynchus nerka) were
driven to extinction in the 1930s following the installation of dams on headwater glacial
11

lakes (Northwest Power and Conservation Council, 2022) and runs of summer Chinook
(Oncorhynchus tshawytscha) were considered extinct by the 1950s (Northwest Power and
Conservation Council, 2022). Coho salmon (Oncorhynchus kisutch) were extirpated from
their historical habitat in the YRB in the 1980s (Bosch et al., 2007). After these
devastating losses, basin-wide hatchery programs were started by the Yakama Nation in
1997 (Knudsen, 2006, 2008) and continue to the present day with new feasibility studies,
fish re-introductions, and ongoing hatchery construction (Hubble et al., 2004).
Because of these efforts to improve fish runs in the basin, stream and vegetation
restoration projects have taken place throughout Kittitas County. Starting in 2015 and
continuing until present, the United States Forest Service (USFS) has been working along
Taneum Creek to remove barriers to fish passage, improve stands of native vegetation,
create better stream shading by improving riparian restoration, and decrease erosion and
stream damage from roads (USFS, 2018). Along with the projects taking place on
Taneum Creek, the MCFEG, the City of Ellensburg, the Kittitas County Conservation
District, and the US Fish and Wildlife Service (USFWS) completed a project to create
better floodplain connectivity along the lower portion of Reecer Creek. (MCFEG, 2022).
Lastly, the MCFEG has worked with ongoing LWD supplementation projects to add trees
and logs to sections of degraded streams in order to restore sinuosity and create pool
environments. These projects took place in the upper Cle Elum River and the North Fork
of the Teanaway River.
Minimum instream flows are important for fish survival year-round, in all stages
of life (Beechie et al., 2013). Riparian restoration projects aimed at reconnecting side
channel habitat took place in 2017 and 2018 in the upper and lower basin, along with
12

studies that identified minimum instream flows (Yakama Nation, 2017). These efforts
focused on salmon survival and promoting further upstream migration of spawning fish
with cooler water temperatures and less risk for salmon mortality due to low flows.
Without proper flood plain connection and instream flows, stream habitat restoration and
improvement efforts are futile.
The beaver relocation project completed by MCFEG and WDFW from 2011-2015
outlined how managers decided to choose which sites to release beavers into to promote
their survival. This background information will aid in the selection of study sites in the
YRB. While the ecosystem benefits from beavers are well documented in some river
basins, these benefits need to be investigated in the upper YRB where beavers were
translocated. There is also an additional need to analyze Kittitas County for suitable areas
where beavers could be relocated in future projects.

Beaver Influence on Aquatic-Terrestrial Transition Zones (Riparian Areas)
Beavers utilize soft, fibrous tree species as a food source and as building material
for their lodges and dams (Baker et al., 2005). Willow trees (Salix spp.) are a common
foraging choice because of their ability to thrive in riparian areas. They provide
sustenance to a variety of grazing ungulates such as free-range cattle, elk, deer, and even
moose and caribou in some areas (Baker et al., 2005; Hood & Bayley, 2009).
Competition over fibrous, leafy tree species is common between beavers and ungulates
and has been studied intensely. Beaver foraging methods typically differ from other
omnivores and herbivores. Ungulates tend to eat stems, leaves, juvenile shoots, and
branches. Beavers harvest the entire shrub close to the base of the plant (Baker et al.,
2005). The beavers are more size-selective when foraging because they often use trees for
13

building as well as consumption. Because of this selectiveness, beavers harvest more
mature trees and leave juveniles time to grow to maturity and produce branches and
leaves (Baker et al., 2005), giving them a higher likelihood of reproducing and supplying
food to other species as they grow. This method of harvesting provides stands of trees
and shrubs with a better chance of recovering and growing back in coming years.
As with any species interaction, species density plays a role in how vegetation is
impacted. Studies have looked at different combinations of herbivory from varying
species and densities to determine what relationship beavers have with the materials that
they forage. A phenomenon called “browse severity” is studied to determine amounts of
new growth on trees in the presence of herbivory (Hood & Bayley, 2009). In a
community setting containing a variety of browsing species, trees and shrubs are more
likely to be browsed and damaged by ungulates. Observations show that in ecosystems,
only 3% of trees and shrubs were consumed by just beavers and the majority were
browsed by solely ungulates (Hood & Bayley, 2009). Results of various studies show that
negative impacts on vegetation from beavers are minimal while damage from ungulate
foraging is devastating (Baker et al.,2005; Hood & Bayley, 2009). Thus, there is no
definitive link between changes in vegetation cover, heights, structure, or composition
and beavers, and beaver influence on riparian vegetation is rarely seen as a negative.

Species Interactions
Species interactions in beaver pond communities are abundant because the ponds
affect terrestrial, aquatic, and semi-aquatic species. Some examples of species that
interact with beavers directly and indirectly include fish, amphibians, waterfowl,
muskrats, ungulates, and insects. A heavily studied species interaction is the relationship
14

between juvenile fish, adult fish, and beavers. Within a stream habitat, fish require certain
components that promote survival. One such component is dissolved oxygen (DO) as it is
essential for fish respiration (Malcom et al., 2004; Lestelle et al., 2004). Another
component is conductivity, a measure of dissolved ions in a water sample (Fondriest
Environmental, Inc., 2014). Freshwater aquatic species have a narrow range of
conductivity levels they can tolerate. Turbidity is a measure of the amount of light that
infiltrates water, which is indicative of the amount of suspended sediment in the water
column (USGS, 2021). Suspended sediment can irritate and harm fish gills and smother
gravel, which reduces insect habitat (Lamberti & Hauer, 2007). Acidity levels in water
are measured using the pH scale. If water is too acidic, it can harm fish, fish eggs, and
aquatic species by creating a toxic environment (Jellyman & Harding, 2014). Lastly,
temperature is a critical factor is aquatic habitat because freshwater fish species are
extremely sensitive to temperature fluctuations (Beechie et al., 2013; Malcom et al.,
2004). It is necessary to test water quality in beaver ponds for these components to
determine if beavers create suitable habitat for aquatic species.
Beavers that are re-introduced to a landscape have a significant impact on stream
fish species (Kemp et al., 2012). The most cited benefits of beavers on stream fish species
(both juveniles and adults) were the addition of LWD from beaver activity, which creates
cover, improves groundwater-surface water interaction, and increases habitat quality
during the winter in the ponds as opposed to the main channel. Meta-analyses and studies
also address some negative effects of beavers on stream fish such as blocked passage and
altered temperature regimes. After researchers described negative impacts on fish due to
beaver dams reducing fish passage, a study by Malison & Halley, (2020) disproved the
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blocked passage conclusion and determined that blockage by beavers is more reliant on
the stream basin’s geomorphology and individual fish behavior.
While beaver habitat alteration is mostly recognized as ponds, dams, and lodges,
they also create foraging channels and canals that connect terrestrial habitat to their ponds
(Anderson et al., 2015). These canals create potential habitat and travel corridors for
other species including pond-breeding amphibians. Corridors between adjacent wetland
habitats, ponds, and streams make travel easier for beavers as they drag building
materials back to their dens. Often submerged by water or hidden by dense vegetation,
these canals have been understudied in the past (Anderson et al., 2015). One study
suggested that amphibians may use beaver foraging canals for migrating between habitat
types and that they gain increased protection from predators. The beavers are contributing
to the community by linking aquatic and terrestrial communities and combatting habitat
fragmentation by connecting wetlands (Anderson et al., 2015).
Previous beaver research indicates that this species is a useful ecosystem engineer
that can benefit stream habitats in which they are located. The purpose of this thesis is to
identify areas in Kittitas County that are suitable habitat for beavers, which requires a
detailed evaluation of the study area and components that make up the YRB watershed.
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CHAPTER III
STUDY AREA
Location
The YRB spans from its headwaters in the eastern Cascade Mountains to its
confluence with the Columbia River near Tri Cities in southeastern Washington (Figure
1.) The upper YRB and its smaller tributary watersheds are located in the northwestern
portion of Kittitas County in central Washington.

Figure 1: The Yakima River Basin as it is situated in Washington state.
The study sites selected for this project were on the Cle Elum River (Nate’s
Pond), the north fork of the Teanaway River (Harlequin Duck Hole) approximately 8
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kilometers northeast of the town of Cle Elum, Taneum Creek (Moonlight Canyon, Old
Pond, and Yahnee Canyon) approximately 27 kilometers northwest of Ellensburg,
Naneum Creek (Birdwatcher’s Landing) approximately 13 kilometers north of
Ellensburg, Reecer Creek (Under I-90) 2 kilometers west of Ellensburg, and Swauk
Creek (Milepost 157) approximately 11 kilometers northwest of Thorp (Figure 2).

Figure 2: Geographic locations of study sites

Geology and Geography
The geological makeup of a river basin directly impacts its water storage capacity,
drainage, river structure, and the ecological activity in the basin. The United States
Geological Survey (USGS) divided the YRB into thirty-four hydrogeologic groups within
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different sections of the watershed (Vaccaro et al., 2009). The proposed study sites lie in
the Kittitas and Roslyn sections from this report. The geologic groups are mainly
composed of alluvial sediments, Columbia River Basalts, glacial deposits, and Ellensburg
formation, which is made up of volcanic sedimentary deposits and sandstone (Vaccaro et
al., 2009). The soil makeup of the study area influences the draining properties and has
implications for the patterns of agricultural land use in the basin. The upper Yakima
River runs through a U-shaped valley that was formed by glacial activity in the
Pleistocene era, and was heavily influenced by large glaciers (Porter, 1976). Beavers are
commonly found along the river and tributaries where alluvial deposits form floodplains.

Climate and Weather
The climate throughout the YRB varies with changing topography and the eastwest precipitation gradient. The proposed study sites lie between Cle Elum and
Ellensburg in the upper basin. The Köppen Climate Classification system identifies
Ellensburg as BSk, which represents a cold semi-arid climate. Summers are warm and
dry, and winters are moderately cold. Cle Elum experiences higher precipitation as
snowfall than Ellensburg, due to its elevation and proximity to the Cascade Range. Cle
Elum is classified by the Köppen Climate Classification system as Dsb, which represents
a humid continental climate (Figure 3). Most precipitation falls during November,
December, and January as rain and snow (Western Regional Climate Center, 2021).

19

Figure 3: Climograph showing 30 year average temperature and precipitation for
Teanaway, Washington, which is near Cle Elum, courtesy of PRISM Climate Group,
2020.
Long-term climate trends in the upper YRB reflect a warming climate with a
longer dry season (United States Historical Climatology Network, 2021). Ellensburg has
experienced an average increase of 0.23°F per decade from 1894 to 2018 (Office of
Washington State Climotologist, 2021), and Cle Elum’s average temperature increase
over the same time was 0.04°F per decade, and therefore deemed insignificant.
Hydrology in the study area is directly related to the snowpack of the YRB.
Spring and summer runoff from snowmelt provides an influx of cold, fresh water to the
system. Variation in snowmelt timing and patterns results in earlier or later peak
streamflow (National Climate Center, 2014) which varies from March through May. In
low snowpack years, runoff melts earlier in the season and does not contribute cold water
throughout the summer creating the risk that water temperatures in the river reach levels
that are dangerously high for aquatic species (Beechie et al., 2013). The snowpack that
influences the study area is measured at Snow Telemetry (SNOTEL) sites in the Eastern
20

Cascade Mountains near Blewett Pass, north of Cle Elum and Ellensburg. As of January
2021, the snowpack, described as snow water equivalent, was at 99% in the upper
Yakima Basin (Natural Resource Conservation Service, 2021), so runoff amount during
this study was close to average.

Hydrology
The upper YRB encompasses about 2200 square kilometers in northwestern
Kittitas County (Gendaszek et al., 2014). The main tributaries to the upper Yakima River
include the Cle Elum River, Teanaway River, Taneum Creek, Swauk Creek, and
Manastash Creek. (Pearsons et al., 2001). Within the upper basin, three reservoirs store
water for irrigation: Kachess, Keechelus, and Cle Elum (US Bureau of Reclamation,
2021). The hydrology of the Yakima River is heavily influenced by irrigation needs in
the valley for agricultural use (Taylor & Gazis, 2014). Water in the headwater reservoirs
is stored during winter and spring and released in summer to provide higher instream
flows for irrigation diversion and aquatic species protection (USGS, 2021). The highest
flows occur during summer, which is opposite from many rivers in the western United
States, showing the regulation of the river for summer irrigation water (Table 1.)
Table 1: Mean Monthly Discharge (cfs) from 1933-2020 at Umtanum Gauge (modified
from USGS)
CFS

Jan
1640

Feb
1860

Mar
2160

Apr
3220

May
3920

Jun
3770

Jul
3380

Aug Sep Oct Nov Dec
3420 1990 1170 1120 1630

Biota
Riparian vegetation is immensely important to this study for understanding what
food and building materials are available to beavers. According to the Natural Resources
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Conservation Service and the US Department of Agriculture (USDA), the main riparian
tree species in the YRB are black cottonwood (Populus trichocarpa), a variety of willows
(Salix spp.), ponderosa pine (Pinus ponderosa) and thinleaf and Sitka alder (Alnus spp.).
Various birds, mammals, and ungulates utilize the riparian areas along the riverbank,
including beavers, river otters (Lontra canadensis), mule deer (Odocoileus hemionus),
Rocky Mountain elk (Cervus canadensis), and many species of waterfowl and migratory
songbirds. The upper Yakima River hosts resident rainbow trout (Oncorhynchus mykiss),
west slope cutthroat trout (Oncorhynchus clarkii lewisi), bull trout (Salvelinus
confluentus), mountain whitefish (Prosopium williamsoni), sculpin (Cottoidea spp.), and
northern pikeminnow (Ptychocheilus oregonesis). Seasonally, mature Coho salmon
(Oncorhynchus kisutch), sockeye salmon (Oncorhynchus nerka), and Chinook salmon
(Oncorhynchus tschawytscha) return to spawn, and their offspring remain in the system
each year before out-migrating (Yakima Basin Fish and Wildlife Recovery Board, 2021).

Land Use
The YRB is situated in the ancestral lands of the Yakama Nation (Kuiper, 2012).
Land use in the study area is primarily agricultural and commercial timber, based on
geospatial data analysis (Kittitas County Open Data Portal, 2021). The prominent
agricultural industry and associated water rights holders require significant irrigation
from the Yakima River due to the naturally dry summer climate (Vaccaro et al., 2009).
Main stem channel diversion for irrigation is common throughout the YRB. Additionally,
the smaller tributaries in the study area receive less irrigation pressure but are still used
for some municipal water usage (Gendaszek et al., 2014). The upper YRB is used heavily
for recreational fishing, hiking, and swimming. These recreational uses may cause
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adverse effects to the ecosystem such as vegetation trampling, construction of rock dams
that alter stream flow and temperatures, and potential damage to spawning beds from
wading.

Study Site Descriptions
The site named “Nate’s Pond” is located on the Cle Elum River within a side
channel. Initially, this site was categorized as a “natural beaver pond” for the purposes of
this study. This site is located downstream from, and partially within, a prior LWD
installation project completed by the MCFEG, and that restoration project might have
encouraged beaver activity. The pond itself was surrounded by large ponderosa pine and
Douglas Fir trees, but stream shading was minimal, and the pond received full sunlight
throughout most of the day.
The site on the North Fork of the Teanaway River was also located along a side
channel. MCFEG had previously identified this as an active beaver colony in 2015. When
I arrived in spring of 2021 to start choosing field sites, there was no evidence of recent
beaver use, and the site was classified as failed or abandoned. However, beavers reinhabited this pond by late August. The main channel of the Teanaway River on the west
side of the side channel was a former LWD project by MCFEG. The site was partially
shaded by riparian vegetation during the first half of the day and was exposed to full
sunlight in the afternoon and evening.
The site located on Jack Creek was one of the release sites where MCFEG had
attempted to establish a beaver colony. The beavers were monitored from 2012-2014, but
notes from the MCFEG field work stated that they believed the beavers had moved
elsewhere or were subject to predation. The site remained abandoned throughout the
23

entirety of my field work season and was classified as “failed” for the sediment analysis
and associated data collection. Riparian vegetation had been trampled and severely
damaged by free-range cattle grazing, resulting in very little stream shading at all times
of the day. Portions of the stream that flowed in May and June when I initially chose the
site for investigation were de-watered and no longer flowing by the end of summer.
One of the sites on Taneum Creek was named “Moonlight” due to its location in
Moonlight Canyon. This was an active colony during the initial spring investigation and
was classified as a “successfully restored site,” but the beavers abandoned the site in the
warmer summer months. The pond had been mostly drained, and water was able to flow
through the pre-existing dam as it had not been maintained. Upon arrival on September
15th, 2021, there was evidence of fresh beaver scat and tracks, as well as new
construction to the dam that caused it to retain water again. A portion of the pond was
constantly shaded by juvenile alder samplings, and the other half was partially shaded
throughout different times of the day.
An additional site on Taneum Creek was named “Old Pond” because of
unmistakable evidence of past beaver activity, but there were no remaining structures or
signs of fresh activity by the end of my study. This site was classified as “failed.” At this
location the main channel had previously been re-routed after a drought and ecosystem
enhancement project done in 2015. The remaining dry channel holds a stagnant pond that
shows old evidence of beaver activity. It is difficult to say if this pond was at one point
constructed by beavers, but there was no beaver activity throughout my study. The site
was surrounded by well-established cottonwood trees, resulting in stream shading
throughout the whole day.
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The last site on Taneum Creek was called “Yahnee” because of its location in
Yahnee Canyon. Previously, MCFEG identified this pond as one of the most successful
beaver relocations from their project, and the beavers had constructed an impressive pond
complex along a side channel. Because of this activity, the site was categorized as a
“successful restoration.” The beavers remained active throughout the field work season
until September 15th, 2021. At this point, much of the pond had dried up. The dam was
still fully intact, but the inflowing water source from the side channel had run dry in
warm weather conditions. The floodplain was still marshy, and vegetation was green,
likely due to the saturated soils from the pond complex formed earlier in the year. A large
lodge was located about 100 meters downstream of the dam and this was still surrounded
by deep, cool stagnant water. The entire pond was well shaded by riparian vegetation and
cottonwood trees.
Beavers had utilized a natural log jam and added to it to stop the flow of a side
channel on Naneum Creek, making this a “natural” beaver pond for the purposes of the
study. The area was inundated in May of 2021 and created sinuosity along the creek.
Throughout the summer, the site became inactive, water had drained from the pond or
evaporated, and the stream can now flow through the pre-existing dam/log jam. There
was no new sign of beaver activity at the end of the field work period, suggesting that the
beavers had moved elsewhere on the channel or were subject to predation. This site lies
adjacent to a Department of Natural Resources (DNR) access road, which may influence
whether the beavers felt safe in this location. The stream was partially shaded by riparian
alder trees and ponderosa pines close to the dam, the upper portion of the pond closer to
the inlet had minimal shading.
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The study site at Reecer Creek was located directly beneath an Interstate 90
bridge. This portion of Reecer Creek was part of a prior floodplain restoration project in
which the riparian areas were reconstructed and protected to improve fish habitat. The
mouth of Reecer Creek and confluence with the Yakima River is located approximately
500 meters downstream from the study site. This site was heavily altered by human
activity and had artificial rock placed in the streambed to hold the stream bank in place
and fencing around the pond to reduce further vegetation trampling and erosion. The
beavers were able to create a deep pond, but because of the artificial structures, there was
a lack of additional inundation and sinuosity in the stream. Shading from this stream was
largely attributed to the I-90 bridge, with some larger cottonwoods and willows at the
inlet that shaded a large portion of the stream.
Swauk Creek runs adjacent to U.S. Route 97 on Blewett Pass in central
Washington. The study site on Swauk Creek was located around milepost 157 on U.S.
Route 97. This site is a large, well established beaver pond complex with an impressive
dam structure. These beavers were re-located here by the MCFEG between 2012-2015
and were able to colonize successfully and remain active over the last six years. The site
had ample evidence to show that beavers continuously occupied this site including a large
dam with old and recent tree clippings, a lodge adjacent to the dam with foraging trails
leading to and from the pond, and additional smaller dam structures downstream from the
main dam. This stream remained shaded all day by large ponderosa pine and alder trees.
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CHAPTER IV
METHODS
Site Selection
GIS analysis played a key role in conducting preliminary investigations of the
suitability of the study area for beaver habitat. MCFEG provided spatial data with exact
locations of active beaver colonies from 2011-2015, which was used as a starting point
for identifying study sites. These Global Positioning System (GPS) points, in addition to
aerial photo analysis, and site visits for ground truthing were used in combination to
locate each beaver pond used in the study (Table 2). Study sites included nine beaver
pond complexes, each with a main channel control site. Sites were a mixture of naturally
occurring beaver ponds as well as successful and failed relocation sites.
Following field reconnaissance to confirm beaver presence and finalize study
sites, field data collection began in July 2021 and concluded in October 2021.
Table 2: Selected study site locations
Site Type
Restored
Restored
Restored
Failed
Failed
Failed
Natural
Natural
Natural

Site Name
Yahnee Canyon
Milepost 157
Moonlight Canyon
Harlequin Duck Site
Jack Site
Old Pond
Birdwatcher’s Site
Nate’s Pond
Under I-90
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Stream
Taneum Creek
Swauk Creek
Taneum Creek
NF Teanaway River
Jack Creek
Taneum Creek
Naneum Creek
Cle Elum River
Reecer Creek

GPS Location
47.0883, -120.8081
47.3069, -120.6941
47.0989, -120.8440
47.3456, -120.8499
47.3309, -120.8360
47.0923. -120.8250
47.1429, -120.4704
47.2283, -121.0495
46.9907, -120.5718

Water Quality and Temperature
Water quality was tested biweekly to assess aquatic habitat quality within the
ponds. The measured parameters were dissolved oxygen (DO), conductivity, turbidity,
and pH, as each of these components has implications for fish, aquatic vegetation, and
plant survival. DO and conductivity were measured using a YSI 85 dissolved oxygen
meter. Turbidity was measured with a turbidimeter using water samples collected 0.5
meters from the surface. This sample was also used to measure pH, the amount of acidity
in the water, using an IQ 120 waterproof pH meter (IQ Scientific Instrument, Inc.,
Carlsbad, CA).
Temperature was measured bi-weekly at each site for five weeks using a YSI 85
probe that also measures DO and conductivity levels. Along with these measurements,
automated Thermographs were installed at each site between August and October to
record hourly water temperatures to graph diurnal temperature changes. To compare
stream temperatures upon entering and exiting the beaver complex, two thermographs
were installed at each site, one at the inlet of the pond above the dam, and one at the
outlet below the dam. Due to unforeseen circumstances, two thermographs were not
recovered and three were exposed to air temperatures upon water level changes,
compromising the data. Inlet and outlet temperatures from the thermographs were
collected for four out of the nine study sites.

Riparian Vegetation Surveys
Riparian vegetation was characterized by species using the FIREMON Point
Intercept (PI) method adapted from the US Forest Service (Caratti, 2021). A fifty-meter
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transect was measured along the bank at each study site at the greenline, defined as linear
groupings of vegetation along the water’s edge (Winward, 2000). Every half meter, the
area was examined for trees, shrubs, ground cover (such as soil or organic debris), and
grasses to characterize vegetation by species and height. In addition to the riparian
vegetation surveys along the greenline, more general observations of upland vegetation
were recorded to address other tree species in the study areas that may not be growing
directly adjacent to the pond but are impacted by seasonal inundation from dammed
streams. The presence of LWD can improve aquatic habitat because it provides cover and
impacts groundwater exchange (Pollock et al., 2004; Malcom et al., 2004). LWD was
broadly addressed during vegetation surveys and classified as its own ground cover
category.

Geomorphological Measurements
Stream basin geomorphology can give many details about the formation of habitat
and the species associated with it (Wesche & Hubert, 1989, Bierman & Montgomery,
2020). The observations used for this study were valley slope, valley width, bankfull
width, and stream gradient. Bankfull width was measured in the field using a standard 60meter measuring tape after identifying bankfull indicators such as obvious waterline and
breaks in slope (Figure 4). Measurements were also taken using aerial imagery on Google
Earth. Valley width was also measured in the field, but in situations where the valley was
too wide, aerial imagery was used for estimation. Valley slope and stream gradient were
determined using a clinometer and verified using a slope analysis in ArcGIS Pro.
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Figure 4: Bankfull channel width in comparison to active channel width (Taylor, 2004.)

Sediment Size and Content
Organic materials within stream and beaver pond sediment provide food sources
for developing salmonids and other wetland and aquatic species (Rolauffs et al., 2001;
Haur & Resh, 2007). To characterize these materials, sediment samples were collected in
the study sites using a shovel. The goal was to collect three 4-L samples per site: one
from the right bank, the middle, and the left bank. It was not possible to collect three
samples at every site due to unsafe wading conditions and water levels so fewer samples
were collected at 6 out of 9 sites.
In the lab, sediment samples were analyzed for particle size distribution using a
Rotap sieve shaker. Two cups of homogenized substrate were added to a stack of sieves
and shaken for ten minutes. The sieve sizes were 16mm, 8mm, 4mm, 2mm, 1mm, and
smaller than 1mm. Upon separation, each size was removed from the sieve and placed in
a drying oven overnight. The dried samples were then weighed, the total mass of the
sample was calculated, and the percentages of each size category were calculated.
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Content of organic material in the sediment was measured in the material that
passed through the smallest sieve using a method adapted from Guy and USGS, (1969).
A 30 mL sub-sample was collected from the sediment that was smaller than 1mm. The
samples were added to small pans that were previously weighed. Next, they were dried
overnight in a drying oven. The dried samples were weighed, then ashed in a 500 °C
muffle furnace to burn off organic content. Upon removal and cooling, the samples were
re-weighed, and the difference between the dry weight and ash weight was calculated as
sediment organic content.

Geospatial Analysis
By combining geospatial data layers of key habitat determinants, the possible
beaver habitat in a study area can be estimated for future relocation projects (Malczewski,
2004). Geospatial data layers were collected and downloaded through many reliable
organizations, such as Kittitas County, the DNR, and the WDFW. The original layers
used were a digital elevation model (DEM) of Kittitas County, a vector outline of the
county, and a vector dataset containing streams in the county. The data required some
initial processing to get all layers to the same unit and projection. To get all the maps to
properly align with Washington, I used NAD 1983 HARN State Plane Washington South
for the projection of all the layers. Additionally, this projection resulted in all units
occurring in feet, so I used a cell size of 104.35 in every geoprocessing tool to convert
any raster data to meters. This ensured that all area calculations were in the same unit and
projection.
Using ESRI’s ArcPRO geoprocessing software, a beaver habitat suitability
analysis was conducted for Kittitas County (Figure 5). In order to construct the spatial
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model, I identified key habitat variables and assigned them scores based on inferred
suitability for beaver habitat. The outcome of the geospatial analysis is a model that
combines various data layers to identify potential beaver habitat in the county as most
suitable, moderately suitable, and unsuitable habitat.

Figure 5: The ModelBuilder layout in ArcGIS Pro showing the workflow of the GIS
analysis and order in which the tools are run to achieve the final outcome.
Beavers require a certain stream gradient and slope to successfully construct dams
and pond complexes (Ritter, 2020). The GIS model runs a slope analysis on a digital
elevation model of Kittitas County (WA DNR Lidar Portal, 2021). To identify slope
suitability, values reported by Kotskan & John, (2009), Macfarlane et al., (2015), and
Ritter, (2020) were used such that slope gradients of 0-10% scored a 10 as most suitable
for building. Slope gradients of 11-17% scored an 8, deeming them suitable but not ideal.
Slope gradients of 18-23% scored a 5, classifying them as moderately suitable since dam
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construction is possible but there is significant risk that structures will be blown out in
high-flow events, and any gradient steeper than 24% scored a 0 as these slopes were
deemed unsuitable for beaver construction and survival. Scores were assigned to suitable
and unsuitable habitat based on previous GIS suitability assessments constructed by
Malczewski, (2004). These steps are shown in the top row of the ModelBuilder workflow
(Figure 5.)
Stream proximity was included because beavers rely on water sources to colonize
successfully. Suitable stream proximities are within 200 meters of a water source,
determined based on studies done by John & Kostkan, (2009) and Anderson & Bonner,
(2014). A Euclidean distance analysis was run in ArcGIS Pro to create a surface grid that
showed distance from a stream based on a layer obtained from the CWU GIS Lab Data
Transfer Zone. This step is shown in the second row of boxes in the ModelBuilder
workflow (Figure 5.) Following the creation of the distance decay raster, the distance
values needed to be reclassified to give areas within 200 meters of a stream a high score,
and all other distances would score lower on a decreasing gradient. To do this, an inverse
squares formula was used where 0 meters away from a stream equaled a score of 10, and
200 meters away from a stream equaled a score of 1 (Krivoruchko, 2011). The inverse
squares processing steps are shown in the third row of the ModelBuilder workflow
(Figure 5.) The formula is shown below where Y represents the score, D represents the
distance raster, and A and B are coefficients:
Y=A/(D*D+B)
To obtain a county-wide map of suitable beaver habitat, the ArcGIS Raster
Calculator was used to combine the slope and stream proximity analyses (Row 4 of boxes
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in Figure 5.) Since each component received a score of 0 through 10, the raster calculator
multiplied the layers together to eliminate any unsuitable areas and highlighted the
moderately and highly suitable locations. The outcome is a map of Kittitas County
showing locations with different value rankings on a scale of 1 to 10.
To further refine habitat suitability, land use data was used to summarize square
kilometers of suitable habitat per land use category. Kittitas County’s open GIS portal
provided a dataset of land use types throughout the county. The final step of the GIS
analysis was to clip the model results to the different land use categories and identify
which land uses had the most suitable beaver habitat. The categories included
commercial forest, water body, rural residential, commercial agriculture, rural recreation,
Limited Areas of More Intense Rural Development, urban, rural working, and mineral
lands.

Statistical Tests and Comparative Analysis
To begin the statistical analysis, temperature data from the thermographs were
sorted into 24-hour calendar days and minimum, maximum, and average temperatures
were calculated for each day starting on September 16th, 2021 and ending on October
10th, 2021. Paired t-tests were completed using R (R Core Team, 2021) to test for
significant differences between the minimum, maximum, and average temperatures at the
inlets and outlets of each beaver pond. Paired t-tests were also used to compare
differences between water quality measurements in each beaver pond and associated
control sites within the main channel of the stream. The measured parameters were pH,
turbidity, DO levels, conductivity, and additional temperature readings collected
separately from the thermograph readings. Since there were three study sites on Taneum
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Creek, the three measurements for those sites were averaged and used collectively to
represent Taneum Creek as one site.
Next, an analysis of variance (ANOVA) test was run on pH, turbidity, DO
temperature, and conductivity to determine if there was any difference between these
parameters over time and among sites. Sediment content was compared between sites that
were deemed “restored ponds,” “failed ponds,” and “naturally occurring ponds.” An
ANOVA test was run to compare sediment sizes and organic matter content between
these three site types. For all statistical tests,  = 0.05 was used for determination of
significance.
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CHAPTER V
RESULTS
Water Quality Parameter Results
Over a 3-month period, field data was collected for pH, turbidity, conductivity,
DO and temperature in each beaver pond and associated main channel control site, and
these were analyzed for statistical difference using paired t-tests. There were no
significant differences in pH, turbidity, conductivity, DO, and biweekly temperature
readings between main channel control sites and beaver ponds at the nine study sites
(Figures 6 and 7.) However, there was some variation in measurements among the nine
sites. Conductivity levels were highest in Jack Creek and Swauk Creek, which means the
water has a high concentration of Total Dissolved Solids (TDS) in both the beaver ponds
and the control sites (Figure 6.) DO levels stayed consistent among the sites with the
highest levels in the Cle Elum River and the lowest levels in the Teanaway River (Figure
6.) Temperature also stayed consistent with Reecer Creek and Taneum Creek being the
warmest (Figure 6.) Paired t-tests were also used to compare the minimum, maximum,
and average temperatures recorded by the thermographs upstream and downstream of
established beaver dams. Turbidity is a measure of the amount of light that can penetrate
the water and is indicative of suspended sediment load. Results from the statistical
analyses show that turbidity levels did not differ significantly among sites (Figure 7.)
Results from the statistical analyses show that pH did not differ among the sites. All the
study and control sites had average pH values between 7 and 8 which is neutral on the pH
scale (Figure 7.) This means the water in these ponds and streams is not dangerously
acidic or basic.
36

Figure 6: Conductivity (uS cm-1), dissolved oxygen (percentage), and temperature
(degrees Celsius) with standard errors for the seven streams that contained the nine
study locations. The three Taneum Creek sites were averaged into one collective
representation for Taneum Creek.
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Figure 7: Turbidity (NTU) and pH with standard errors for the seven streams that
contained the nine study locations, since the three Taneum Creek sites were averaged
into one collective representation for Taneum.
Thermograph Results
Results from the thermograph data showed that of the sites with a paired
comparison, there were no significant differences between the minimum temperature at
the inlets and outlets of the beaver ponds. However, the inlet maximum temperatures
were significantly greater than the outlet maximum temperatures. Additionally, the inlet
average temperatures were significantly greater than the output average temperatures.
Compared to temperature in the Teanaway site (Figure 8), differences between the inlet
and outlet differ much more at the site on Taneum Creek (Figure 9). The effects of
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temperatures are variable among sites, and in well-established ponds, there seemed to be
a bigger difference in temperatures at the inlet and outlet. In newly constructed ponds, the
temperatures at the inlet and outlet had little change.

Figure 8: Minimum, maximum, and average temperature recordings (in degrees Celsius)
from the beaver pond on the north fork of the Teanaway River from September 16th to
October 10th, 2021.
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Figure 9: Minimum, maximum, and average temperature recordings (in degrees Celsius)
from the beaver pond at Yahnee Canyon on Taneum Creek from September 16th to
October 10th, 2021.
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Riparian Survey and Landscape Analysis
The presence of soft fibrous trees provides beavers with a consistent source of
food and building materials (Ritter, 2020). Because of the constant felling of trees and
branches, there was an abundance of LWD the active beaver ponds observed in the study.
This LWD in the stream system provides excellent ecosystem benefits by slowing stream
flow to improve sinuosity, which in turn restores flood plains and water retention
(Pollock et al., 2014; Law et al., 2016; Pilliod et al., 2017). It also provides habitat and
cover for fish and insects in the stream (Pollock et al., 2004; Kalbus et al., 2006; Kaeser
et al., 2008).
In order to characterize what species of vegetation were most common at beaver
ponds in Kittitas County, it was necessary to complete field surveys of riparian vegetation
and ground cover at each study site. The study sites for this research were located in
different sub-biomes through Kittitas County. Some sites were predominately Ponderosa
Pine forests, and some sites were in a shrub-steppe environment. The purpose of these
vegetation classifications was to identify what types of trees and shrubs were consistently
present at beaver ponds, regardless of the sub-biome they existed in. These vegetation
surveys, combined with the results of the geospatial analysis, can help characterize ideal
beaver habitat and identify locations for future beaver relocations (Table 3.) The
vegetation survey data was compiled from each site as well as defined for the codes used
on the USFS survey sheet.
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Table 3: An example of the table that was used for vegetation surveys at each study site,
derived from USFS.
Plot ID: Birdwatcher’s Landing (Naneum Creek)
Date: 10/12/2021
Right Bank
Record species codes of trees, shrubs, forbs and groundcover intercepted every
0.5 m, record plants tallest to lowest.
PNT Meters Tallest
SPP 2
SPP 3
SPP 4
SPP 5
SPP 6
SPP 1
1
0.5
CACA4
SOIL
2
1
CACA4
WD
3
1.5
CACA4
WD
4
2
SOIL
SW
5
2.5
WD
SW
6
3
CACA4
WD
7
3.5
POPUL
SOIL
8
4
POPUL
CACA4
9
4.5
WD
CACA4
10
5
CACA4
11
5.5
PIPO
CACA4
12
6
PIPO
CACA4
13
6.5
HAS3
CACA4
14
7
CACA4
WD
15
7.5
SOIL
WD
16
8
WD
SOIL
17
8.5
HAS3
CACA4
18
9
PIPO
HAS3
19
9.5
PIPO
CACA4
20
10
CACA4
WD
21
10.5
CACA4
SOIL
22
11
PIPO
HAS3
23
11.5
CACA4
ROCK
24
12
CACA4
ROCK
25
12.5
CACA4
ROCK
26
13
CACA4
ROCK
27
13.5
CACA4
ROCK
28
14
CACA4
ROCK
29
14.5
PIPO
HAS3
30
15
PIPO
CACA4
*Rows 23-28 were exposed stream bed
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SOIL
SOIL

SOIL
SOIL

WD

SOIL

CACA4
CACA4
SOIL

WD
WD

WD
CACA4

WD

CACA4
WD

WD

After tallying the counts of each vegetation species and ground cover types for the
nine study sites (Table 4), the results show that the most common were Blue Joint Grass
(Calamagrostis canadensis), woody debris, vine maple (Acer circinatum), and red alder
(Alnus rubra). The fibrous tree and shrub species listed in the survey are all suitable food
and building materials for beavers. While these materials can often be directly adjacent to
the stream and readily available to beavers, it is also common for beavers to wander away
from streams to forage if suitable species are not near their dam complex (Anderson et
al., 2015).
Table 4: Common riparian vegetation species and ground cover associated with the
climate and biota within the study area. The counts illustrate how many of each species
was recorded along a 15-meter transect at the nine study sites.
Vegetation/Ground Cover Type
Douglas-Fir
Ponderosa Pine
Cottonwood and Poplar
Aspen
Maple
Tall sedge wet meadow
Cattail standing water
Standing water
Litter
Woody debris
Organic duff
Mineral soil
Red Alder/Vine Maple
Vine Maple Riparian
Horsetail
Blue Joint Grass
Willow
Exposed Rock

Code
PSME
PIPO
POPUL
POTR
ACER
MW10
MT80
SW
LTR
WD
DUFF
SOIL
HAS3
SW70
EQUIS
CACA4
SALIX
ROCK

Count
6
9
18
0
0
48
0
51
0
86
51
34
74
25
0
98
8
40

Percentage
1.1
1.6
3.3
0
0
8.6
0
9.3
0
15.7
9.3
6.2
13.5
4.6
0
17.9
1.5
7.3

Stream geomorphology directly impacts beavers’ abilities to construct dams and
lodges within a certain region (Ritter et al., 2020). Important characteristics to measure
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are valley slope, stream gradient, bankfull width of the stream, and valley width as a
measurement of the potential floodplain (Table 5.) If a stream is too steep and/or too
wide, beavers will be unsuccessful in dam construction.
Table 5: Geomorphological components of the study area streams and surrounding
valleys that influence whether beavers can successfully construct dams and lodges. *
floodplain was entirely below Lake Cle Elum. ** undetermined due to heavy human
alteration and location on Yakima River floodplain.
Stream

Site

Naneum Creek

Birdwatcher’s
Landing
Harlequin
Duck Hole
Jack Site
Nate’s Pond
Yahnee
Canyon
Old Pond
Moonlight
Canyon
MP 157
Under I-90

Teanaway River
Jack Creek
Cle Elum River
Taneum Creek
Taneum Creek
Taneum Creek
Swauk Creek
Reecer Creek

Stream
Gradient
(percent)
6-7

Bankfull
Width
(meters)
7.5

Valley
Slope
(percent)
9.7

Valley Width
(meters)

6-7

24.3

8.0

948

10
5-6
6-7

4.1
24.3
12.4

5.4
3.5
8.4

815
4268*
660

6-7
6-7

4.9
11.6

14.0
11.9

755
936

4-5
3-4

6.3
5.2

10.9
0.9

747
**

982

Sediment Analysis Results
Sediment size composition in the ponds was tested using an analysis of variance.
Sediment from each pond was sorted into distinct size categories, and percentage
composition was calculated. To form a comparison between sediment sizes at different
types of beaver ponds, the nine sites were grouped into failed beaver colony restorations,
successfully restored beaver colonies, and naturally occurring beaver colonies (n=3 each).
Results of the ANOVA showed no significant differences in sediment sizes between
failed, successful, and natural beaver ponds. Sediment smaller than 1 millimeter occurred
most at each pond type, but other clear patterns in sediment sizes cannot be identified
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from this graphic (Figure 10.) There was no significant difference in organic matter
content between failed, natural, and restored beaver ponds (Figure 11).

Figure 10: Percentages of different sediment sizes in each pond type.

Figure 11: Percentage of organic matter content in sediment in each pond type.

Geospatial Analysis Results
The geospatial analysis resulted in maps that show combined suitable slope
(Figure 12) and stream proximity (Figure 13) for beavers in Kittitas County, which were
combined using the raster calculator to show beaver habitat suitability (Figure 14.) This
resulted in approximately 207 square kilometers that are very suitable, 212 square
kilometers that are moderately suitable, and 5607 square kilometers that are unsuitable.
45

Kittitas County is approximately 6042 square kilometers in size. Of these results, 88.2
square kilometers of suitable land is in commercial forest areas, 67.85 square kilometers
is in rural working areas, and 23.08 square kilometers is in commercial agricultural areas
(Table 6.)

Figure 12: Slope analysis of Kittitas County where green areas show the most suitable
slope for beaver settlement (0-10% slope rise), and red areas show the least suitable
slope for beaver settlement (over 24% slope rise.)
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Figure 13: a distance-decay raster of stream proximity in Kittitas County, where areas
within 50- meters of a stream are displayed in green and are the most suitable areas for
beaver settlement. Areas displayed in red are 200-meters from a stream and deemed
unsuitable.
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Figure 14: a visual representation of suitable beaver habitat in Kittitas County as a
result of combining suitable slope values and proximity to streams.
Table 6: Amounts of suitable, moderately suitable, and unsuitable beaver habitat
summarized by land use types in Kittitas County.
Land Use Type
Commercial Forest
Water Body
Rural Residential
Commercial Agriculture
Rural Recreation
LAMIRD
Urban
Rural Working
Mineral Lands

Suitable
(Sq.Km.)

Moderate
(Sq.Km.)

Unsuitable
(Sq.Km.)

88.28
7.16
0
23.08
2.06
0.51
7.28
67.85
0.41

90.22
9.11
0
23.79
2.49
0.54
7.44
65.77
0.57

3038.26
23.73
0.04
1122.19
37.94
3.63
46.88
1196.06
22.02
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CHAPTER VI
DISCUSSION
The goals of this study were to assess the habitat conditions in Kittitas County by
characterizing existing beaver ponds, to compare water quality and sediment in the
beaver ponds to the main channel to determine differences in aquatic habitat, to create a
geospatial model that can identify suitable beaver habitat, and to use all these findings to
inform and suggest future management implications. Results showed that beaver habitat
in the county is transitory, and these animals frequently move around the landscape. Out
of the nine study sites, four had active beavers throughout the study with Moonlight
Canyon being an exception since the beavers abandoned the site in the middle of the field
season and returned later. Two sites had active beavers at the beginning of the study
period, but not at the end and it is uncertain if those beavers migrated elsewhere or were
subject to predation. One site showed no evidence of active beavers at the beginning of
the fieldwork period, but fresh signs of activity were present at the end, highlighting that
beavers move actively throughout the landscape to occupy different habitats and stream
channel segments. Two sites did not have beaver activity at all.
By the late summer sampling time, the pond on the Cle Elum River was drained,
and the beaver lodge was fully exposed. This is a seasonally suitable side channel for
beavers depending on the flows that are controlled and maintained when water is released
from Lake Cle Elum for downstream irrigation. This particular site outlines how flow
management in the YRB might affect site suitability for beavers. In the case of this site
downstream from Lake Cle Elum, the unnaturally high-water during summer irrigation
might entice beavers to construct their dam in a location that is only suitable for a limited
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time of year compared to a more sustainable dam location on a stream or stream section
with a more natural hydrograph. Additionally, the Teanaway Pond started the research
period in May as abandoned, and the stream was able to flow through the side channel
unrestricted. Evidence of a smaller braid off the side channel was clearly visible but
devoid of water, but the braid was likely a result of a previous beaver dam that had
caused increased sinuosity within the channel. By September 15th, 2021, the beavers had
returned and reconstructed a dam across the side channel. The smaller braid was resaturated and filled with water, which passed around the dam and back into the channel
below. Because of this variability in site occupation by beavers, the original failed,
successful, and natural classification of the sites was rendered irrelevant. Future studies
would be useful to gain additional insight on beavers abandoning and re-inhabiting sites
by monitoring seasonal movements between ponds.
The existing beaver pond study sites ranged from active with ample suitable
habitat, to abandoned with moderately suitable, or altogether unsuitable habitat
conditions. Results from the water quality and sediment analyses showed no significant
differences between beaver ponds and the main channel, meaning that habitat quality
within beaver ponds must be evaluated on a case-by-case basis and that aside from flow
velocity the pond environment is similar to that of the main channel. However, these
pools may still provide a different type of habitat than the main channel of a stream
where the different flow velocity and water currents could impact species. The geospatial
model created in this study provides insight for the county on sites where the slope and
proximity to streams are suitable for beavers to colonize. If an agency is planning to
relocate beavers, they can use the provided map and model to pick a potential site but
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must do additional field work to confirm that beavers will have appropriate resources to
colonize.

Discussion of Water Quality Components
The water quality assessments from this study show that many of the beaver
ponds had suitable habitat for many other aquatic species based on the tested
components. Ideal water temperatures for cold water dwelling fish range from 13-18°C
and anything above 23°C becomes lethal (WA Dept. Of Ecology, 2000). Thermographs
in the ponds recorded water temperatures below the dangerous temperature threshold
throughout August-October. However, the loggers were not deployed in June and July
because of equipment availability. This study cannot conclude that temperatures did not
reach dangerously high temperatures during those months. DO levels are directly
impacted by temperature. The higher the temperature, the lower the DO levels and the
higher the risk that water will become hypoxic (WA Dept. Of Ecology, 2000; Beechie et
al., 2013). According to the United States Environmental Protection Agency (2021), DO
levels lower than 36% saturation are concerning although different species have different
tolerance levels. The average DO levels in the study ponds remained between 50-100%
saturation, making the ponds suitable habitat for aquatic species like fish. However, DO
levels at the Teanway Pond appeared to be low in comparison to the other ponds. This
pond was initially abandoned, and the side channel that flowed through remnants of the
old dam was shallow and slow moving. Once the beavers returned and reconstructed the
dam, the pond accumulated more water. Returning to the site after this research and
measuring DO levels may show that they have increased with deeper water conditions
and more consistent flows through the channel. Conductivity levels fluctuated throughout
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the sites (Table 7) with values ranging from 30.95 to 204.95 uS cm-1. This fluctuation is a
result of geographic location of the streams and the salinity influencing the water as well
as temperature (Fondriest, 2022). However, there were no significant differences in
conductivity between the beaver ponds and their main channel control sites. Healthy
conductivity levels for streams that host a variety of fish species are between 150 and 500
uS cm-1 but streams in the United States range anywhere from 50 to 1500 uS cm-1 (United
States Environmental Protection Agency, 2021). Each of the study sites and their control
sites falls into the threshold for healthy conductivity levels that can sustain aquatic life.
Table 7: Minimum and maximum conductivity levels for each study site and associated
control site.
Site

Stream

Harlequin
Duck Hole
Control

Teanaway
River
Teanaway
River
Jack Creek
Jack Creek
Cle Elum River
Cle Elum River
Taneum Creek

Jack Creek
Control
Nate’s Pond
Control
Moonlight
Canyon
Control
Old Pond
Control
Yahnee
Canyon
Control
Under I-90
Control
Birdwatcher’s
Landing
Control
MP 157
Control

Minimum
(uS cm-1)
91.35

Maximum
(uS cm-1)
100.7

91.6

101.7

212.2
210
35.85
30.95
103.9

215.7
215.7
43.55
38
133.75

Taneum Creek
Taneum Creek
Taneum Creek
Taneum Creek

113.5
144.1
113.5
110.7

144.8
185.8
144.8
145.5

Taneum Creek
Reecer Creek
Reecer Creek
Naneum Creek

113.5
128.9
129.9
57.9

144.8
160
146.5
63.2

Naneum Creek
Swauk Creek
Swauk Creek

58.3
158.25
159.5

71.8
200.95
204.95
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Turbidity levels across the sites were mostly low with values ranging from 0.3 to
16.9 NTU (Table 8) indicating good water clarity and low likelihood of suspended
sediment that would cause irritation to aquatic species’ gills or smother fish eggs. The
Old Pond site on Taneum Creek was a pool of stagnant water, and turbidity at this
location was consistently high, reaching up to 16.9 NTU. Turbidity readings from this
pond caused the average turbidity levels for the Taneum Creek sites to appear higher in
comparison to the other sites. While this pond may not have the most suitable fish
habitat, it makes excellent habitat for amphibians and insects like mosquitos. Turbidity
was also slightly elevated at the Reecer Creek site, which could be a result of erosion of
the stream bed caused by human activities adjacent to the beaver pond. The pH in each
pond remained between 7 and 8 during the duration of fieldwork, and this range is
healthy for aquatic flora and fauna because the water is basic and not too acidic. When
pH drops below 6, the acidity becomes dangerous to fish species (United States
Environmental Protection Agency, 2022).
The deployed automated thermographs yielded important results about water
temperature differences at the inlets and outlets of beaver ponds. The significant
differences in maximum and average temperatures between the inlets and outlets of the
ponds suggests that beaver structures are associate with cool water. There are various
explanations for why this cooling could be happening, such as lateral spreading of
snowmelt and runoff or stratified water temperatures throughout the water column. If the
water at the bottom of the water column is cooler than the top, then water downstream of
the dam will be cooler from this pond-bottom water passing through. The raw data from
fieldwork shows that the MP 157 pond on Swauk Creek was stratified, but this site did
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Table 8: Minimum and maximum turbidity levels for each study site and associated
control site.
Site

Stream

Harlequin
Duck Hole
Control

Teanaway
River
Teanaway
River
Jack Creek
Jack Creek
Cle Elum River
Cle Elum River
Taneum Creek

Jack Creek
Control
Nate’s Pond
Control
Moonlight
Canyon
Control
Old Pond
Control
Yahnee
Canyon
Control
Under I-90
Control
Birdwatcher’s
Landing
Control
MP 157
Control

Minimum
(NTU)
0.5

Maximum
(NTU)
4.1

0.5

1.1

0.3
0.4
0.7
0.4
0.6

1.5
1.3
1.4
1.3
1.8

Taneum Creek
Taneum Creek
Taneum Creek
Taneum Creek

2.3
8.2
2.3
1.5

4.5
16.9
4.5
3.2

Taneum Creek
Reecer Creek
Reecer Creek
Naneum Creek

2.3
3.1
2.6
1.2

4.5
5.7
4.6
1.6

Naneum Creek
Swauk Creek
Swauk Creek

1.7
0.7
0.5

2.3
1.4
1.7

not have a matched pair of thermographs for the statistical analysis so a conclusion about
stratification is uncertain. It could be that beavers settled and constructed their dams on
stream sections where groundwater interacts with surface water to create cooler stream
temperatures. These results are consistent with other studies that have cited stream
cooling as an ecosystem service associated with beaver ponds (Westbrook et al., 2006;
Kemp et al., 2012; Pilliod et al., 2017; Dittbrenner et al., 2018; Majerova et al., 2020) and
can be added to this existing body of literature. Although we know that beaver ponds are
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associated with cool stream temperatures in Kittitas County, more research is needed to
determine whether beavers are the causative agent.
Overall, we can see from this study that beavers did not have an influence on the
measured water quality components. Other researchers have hypothesized that the
addition of LWD from beaver activity would create cooler water temperatures (Pollock et
al., 2004; Pilliod et al., 2017; Wade et al., 2020). Based on this study alone, it is safe to
say that beavers provide more ecosystem services and benefits with their ability to slow
water, create pool environments, and aid in groundwater recharge than with impacts on
water quality, which may be minimal or may be reflected in parameters not measured in
this study. Beaver ponds and wetlands have been recognized as carbon sinks that can
mitigate pollution (Levanoni et al., 2015; Puttock et al., 2018; Murray et al., 2021). To
quantify this, researchers have addressed nutrient buildup and heavy metal accumulation
in surface water and sediment within beaver ponds. These studies show that the ponds act
as filters for these harmful substances and thus create a better quality aquatic
environment. The short fieldwork season obscures data for seasonal changes that might
be present during spring runoff. For example, there may have been significant differences
in turbidity between main channel and pond areas during spring runoff when the
suspended sediment load is higher. For future studies, one might want to monitor water
quality in beaver ponds for a 12-month period or longer to assess any changes with
season. Future researchers will also want to include additional water quality parameters
in their studies, such as nutrient composition and heavy metals, to see if those elements
are significantly influenced by beaver activity.
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Discussion of Sediment Results
The sediment collection and analysis yielded no significant results, so I did not
find evidence that beaver pond type (natural, abandoned, successfully restored) affected
pond sediment composition. However, without having a matched control to compare
main channel sediment composition, we could still conclude that sediment composition
does not differ among pond types because they all have a dam and pool environment
whether beavers were actively present or not. I did not expect to see a difference in
sediment sizes across the pond types, but rather I had hoped to see if older ponds had a
greater accumulation of finer sediment. Prior studies tell us that abandoned beaver ponds
provide the same ecosystem services as active beaver ponds if the dam is still intact
(Aznar & Desrochers, 2008). In instances where the abandoned pond has been drained,
the sediment composition will differ from active ponds in nutrient content (Hodkinson,
1975; Johnston, 2014) but not particle sizes which were the focus of this study. The
literature also talks of Beaver Dam Analogues (BDAs) that act as artificial beaver dams
to mimic their ecosystem services (Wade et al., 2020). Managers are more frequently
using BDAs for stream restoration because they provide benefits similar to active beaver
ponds (Pearce et al., 2021). This information changes the perspective that active beaver
ponds would have different sediment composition than abandoned beaver ponds. A future
study that would benefit understanding of beaver ponds and associated inundation would
be to test soil saturation radiating outwards from the ponds. By taking soil samples at
different distances from the beaver pond, conclusions could be drawn about how much
additional saturation is provided by water storage from natural structures, how much
water flow is stored by beaver ponds, and how this influences the local water table. Also,
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the sampling methods I used to collect sediment might have been biased against fine
sediment, which could have been washed away from the sample collected in the shovel as
I removed it from the pond.
The fieldwork season for this project was roughly three months long. Sediment
distribution and changes in deposition patterns take place over time and differ with
seasonality (Puttock et al., 2018). We cannot conclude from these results that there were
not any changes or differences in sediment sizes within the ponds over a long period of
time or across different seasons. A future study could be done on these study ponds by
installing sediment traps above each established beaver dam to track the amount of
sediment deposited over time. Additionally, literature has shown that the sediment within
a beaver pond can act as a carbon sink that absorbs toxins and metals (Puttock et al.,
2018; Murray et al., 2021). Future studies in Kittitas County could take the sediment
from beaver ponds and test for excess nutrients or toxins that could cause harm to aquatic
species. This would help gain more insight into the sediment composition within beaver
ponds and provide further information that my study did not cover. The results from this
study tell us that over a short period of time, the sediment sizes in beaver ponds did not
differ across ponds of different ages and biological succession. My study results are
unique from other studies because the most cited methods address sediment deposition
and nutrient contents rather than characterizing sediment size.

Geospatial Analysis Overview
To round out the study, I overlaid my study sites with the GIS analysis to
determine if known beaver colonies matched what I predicted as suitable areas for beaver
colonization. The Moonlight Canyon site fell into an area of high suitability, and this was
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evident throughout the field work observations as the beavers remained active and kept
the dam maintained (Figure 15.) The Old Pond and Yahnee Canyon sites fell into
moderately suitable areas, which makes sense since they were located on side channels of
the creek and water availability was inconsistent throughout the summer season (Figure
15.) Beaver colonization at these sites is possible, but it is likely the beavers moved
elsewhere on the stream when the side channel water levels dropped. Birdwatcher’s
Landing on Naneum Creek also fell into a moderately suitable area on the map (Figure
15.) These beavers abandoned the site in late spring and failed to maintain the dam
throughout the fieldwork season. There are other areas along Naneum Creek that scored
high, and there is potential for beavers to relocate to these areas on the channel. The
Reecer Creek site that was located beneath the I-90 overpass scored as highly suitable,
and evidence from field observations showed that beavers stayed consistently active at
this site (Figure 15.)
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Figure 15: Five of the study site locations in relation to the suitability scores determined
by the GIS analysis.
The locational comparison for the Harlequin Duck site on the Teanaway River
showed the beaver pond is constructed in an area of high suitability (Figure 16.) Since
this dam was built on a side channel, it was abandoned in the spring and re-populated in
the late summer. There was ample running water and vegetation for building. Since the
brush surrounding this site was thick and portions of the stream were too deep to cross by
wading, it is possible that the beavers had another settlement nearby that they migrated to
during the spring. Like Naneum Creek, the Teanaway River has a large amount of
suitable stream sections that would make beaver settlement possible at many different
sites. The Jack Creek site fell into an area that was considered highly suitable in the GIS
analysis, but beavers were not present at the site throughout field season (Figure 16.)
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Stream flow in the creek was low and there was a lack of suitable vegetation due to
intense overgrazing by cattle and other ungulates. This is a perfect example of bringing
land use and vegetation into consideration when identifying suitable beaver habitat
locations. The slope and stream proximity conditions were right for beavers, but lack of
building materials and food caused them to re-locate elsewhere or made them vulnerable
to predation.
Swauk Creek shows a lot of promising suitable habitat on the GIS analysis map
(Figure 16.) The Milepost 157 falls within a high suitability area but is directly adjacent
to a low suitability area. The streams layer used for the GIS analysis fails to show the
pond formed by the beaver dam and additional sinuosity in the stream as a result of
inundation from the established beaver pond. If these portions of the stream were
included in the GIS analysis, the Milepost 157 site would fall in a larger patch of suitable
area and not on the border of unsuitable land. This highlights that beaver activity could
improve site conditions to make marginal sites more desirable for other beaver colonists.
The last site is Nate’s Pond, located on a side channel of the Cle Elum River (Figure 16)
which fell into an area of moderately low suitability. This portion of the Cle Elum River
is highly influenced by water released from the dam located approximately 2 kilometers
upstream. The pond was subject flooding and drying as a result of varying water levels,
and the beavers were forced to abandon the lodge in late summer when water levels
dropped. This analysis correctly shows the lack of consistency at this site for beaver
colonization, but it also shows the resilience of beavers in their ability to colonize
marginal sites.
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Figure 16: Four of the study site locations in relation to the suitability scores determined
by the GIS analysis.
Prior studies done by John & Kostkan, (2009), Anderson et al., (2014), and
Macfarlane et al., (2017) have used a similar approach to beaver habitat modeling with
additional habitat parameters. One parameter included in these studies was food
availability, which would have improved the accuracy of my model results. Land cover
datasets show general classifications of surface cover including vegetation, which
determined if the area had suitable food and building materials for beavers (Collins et al.,
2001).
Current land use is a secondary factor that should be considered in future beaver
relocation projects but does not influence whether beavers could survive in an area or not.
Beaver settlement depends on proximity to a water source, low slope and generally flat
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topography, and availability of food and building materials. Optimum land uses included
riparian areas on public lands, since these areas are not typically developed, have fewer
human disturbances, and allow public access to agencies for beaver relocations. Table 6
in the results section outlines the land usages in Kittitas County that have the most
suitable beaver habitat, and this can be used as a guideline for placing beavers on public
land or high suitability private land where there is high suitability. This information could
be included in the overall GIS habitat suitability analysis, but assigning each land use a
score gives the analysis a human-centric focus and may rule out areas that can be
inhabited by or are currently inhabited by beavers. For example, agencies would not
consider an urban stream to be a suitable place for beavers to inhabit, yet evidence from
the study showed beavers were able to construct dams underneath freeways and within
parks in the town of Ellensburg. However, the most suitable beaver habitat from the GIS
analysis fell into commercial forest areas and rural working lands.
The suitability model works by running various tools in ArcGIS Pro to create data
layers specific to Kittitas County. The slope values that were chosen for the model were
based on models created in Colorado, West Virginia and central Europe (Allen, 1983;
John & Kotskan, 2009; Anderson & Bonner, 2014). It is important to consider that
different geographical areas will have a higher or lower amount of steep slopes. This
slope classification may be too steep to use in Washington state because much of the
topography is mountainous and contains high amounts of slope gradients above 18%.
Perhaps this slope classification was used in the reference studies because the
surrounding areas in West Virginia, Colorado, and central Europe were relatively
moderate in slope and did have many areas in the high slope categories. However, the
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outcome of this model does an adequate job outlining where beavers can realistically
settle because most of the areas that qualified as highly suitable are already home to
beaver colonies.

Study Limitations and Potential Improvements
A noteworthy limitation to this study was the time constraint. In order to complete
the Cultural and Environmental Resource Management program in two academic years,
the fieldwork season was constrained to about four months. There are many components
that could have been included in the study that would give more insight to beaver benefits
and behaviors to keep the scope achievable. For example, sediment, vegetation, and
temperature observations would have been more informative if they were recorded for an
entire calendar year or longer to understand seasonal effects of beaver ponds and seasonal
beaver behavior.
An additional limitation to this study was that it was impossible to collect water
quality data at the same time of day at every field visit. This timing impacts temperature
and associated stream shading from riparian vegetation. This could have created
inconsistencies among the results since readings later in the day would likely be different
from those taken in the morning. It is important to address also that stream shading from
vegetation was not included in the water temperature measurements or in the vegetation
surveys, and this would be a good component to include in future beaver pond studies.
The deployed thermographs yielded useful data to monitor water temperatures at
the inlet and outlets of the beaver pond over time. However, changes in streamflow and
unforeseen circumstances resulted in some thermograph data being lost. At the Old Pond
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site on Taneum Creek, the inlet thermograph was able to collect data for the whole
recording period, but the outlet receiver was exposed when the pond dried resulting in
corrupted data with air temperature measurements rather than water temperature. The
same situation occurred at Nate’s Pond on the Cle Elum River where the outlet of the
pond stayed inundated, but the inlet thermograph was exposed to air temperatures for
most of the recording dates. Of the eighteen thermographs deployed, two were unable to
be retrieved. The inlet thermograph on Swauk Creek at the MP 157 site was no longer
attached to the rebar post upon retrieval and the inlet monitor at the Reecer Creek site
beneath I-90 was missing as well. Due to the loss of thermographs, inlet and outlet data
could only be compared at five of the nine sites, limiting the scope of my analysis.
The land cover datasets I had access to did not have fine enough resolution to
determine the exact vegetation types present on the landscape, so it was impossible to
include food availability as a component in the GIS model. To combat this, future studies
would need to create a land cover dataset using LiDAR technology and field data
collection. A specific vegetation dataset with plant species names could easily be added
to the model and factored in to give locations with desirable tree species higher scores.
As a result of this land cover dataset limitation, I chose to do the field vegetation surveys
to include the food availability in the study. Additionally, there were some roadblocks
when constructing the GIS model itself. The reclassification tool was used twice in the
model to assign scores to the slope values and stream proximities. There were multiple
instances when the reclassify tool had errors and resulted in gaps in the data. To combat
this issue, I created reclassification tables and had to upload them directly into the tool
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which is important for other model users to know if they want to change the classification
system.
Many of these sites were situated in remote locations that required hiking into or
using a four-wheel drive vehicle on primitive roads to access. Each site was located on
public land owned and managed by the state of Washington. During the summer of 2021,
Kittitas County suffered from multiple severe wildfires. Due to fire danger, the DNR
made the decision to close public lands and restrict access to many study sites. Public
land closures caused the fieldwork season to be cut shorter than anticipated when the
study began. In a future study of this kind, more data collection days would be necessary
to track changes in water quality, streamflow, and vegetation across various seasons to
make more informed decisions about overall habitat quality and suitability for beavers in
Kittitas County. This is particularly important as these kinds of streams often have large
runoff events in the winter and/or spring that mobilize a lot of sediment, and these might
be critical times to measure how beavers influence sediment movement and deposition in
a river system.
The beaver pond on Reecer Creek (Under I-90) is located along a heavily
trafficked, multi-use paved trail. To keep the pond from overflowing onto the adjacent
walking trail, the Washington State Department of Transportation (WSDOT) removed
the beaver dam and drained the pond in early August. This made it difficult to conclude
field research using the same methods I had established earlier in the season. Despite the
dam removal and draining of the pond in August, additional observations in September
showed that the beavers had reconstructed the dam and added fresh materials to retain
water again.
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The sediment samples for the research were collected using a shovel. Because of
this, much of the fine sediment was lost as water ran off the shovel and jeopardizing the
integrity of the samples. An alternative method to collect sediment samples would have
been to use a dredge sampler, benthic sampler, or a core sampler. This would help to
maintain more of the fine sediment. Losing a portion of the sediment sample helps to
explain the lack of significant differences in sediment sizes across pond types. There is a
chance that the results may have been different if a different sampling method was used.
An additional way to improve the sediment study would be to take sample from the main
channel and compare sediment composition between beaver ponds and the stream rather
than compare them across the different pond types.
To further improve this research, it would have been useful to anticipate that
beavers will move around within the channel and adjust the fieldwork components
accordingly. In an area where active beavers are known to exist, fieldwork and
geomorphological observations would be more informative along a large section of the
channel rather than just studying single ponds. This movement and activity could be
better understood by installing game cameras at different points in the stream to capture
photos and videos of the beavers with time stamps to identify when they are most active.
These game cameras could also enrich the study by capturing evidence of other species
utilizing the ponds and wetlands to characterize species interactions in beaver pond
complexes.

Future Management Suggestions
The GIS model created in this study is transferable to any other basin if there is
available data such as a digital elevation model of the county or watershed, a boundary
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layer to contain the analysis (county, watershed, city etc.), and a streams layer. If the
boundary or streams data does not exist, it can be created within the GIS and added to the
model interface. This approach could be used to do a more comprehensive study in which
researchers visit the locations that the map predicts as suitable beaver habitat and identify
whether or not beavers currently exist in these locations. The model can be used in future
management projects to pinpoint areas where beavers could colonize and select sites to
visit for field assessments before translocating them. Additionally, managers and
agencies can improve upon this model and customize it to include as many habitat
conditions as they wish, as well as creating a weighted approach to give one habitat factor
more important over another. The versatility of this model and the processing power of
GIS make this geospatial habitat selection approach an important tool for resource
managers to have in their arsenal.
After conducting this research, I have drawn the conclusion that live-trapping
nuisance beavers is an effective way to sustainably relocate them to areas better suited to
maintain beaver colonies. To put the habitat suitability model into use, I have highlighted
three areas in Kittitas County that would be the most suitable locations to release beavers
in order to provide maximum benefits to the ecosystem, the beavers, and to rural and
urban landowners that do not want beavers on their property (Figure 17.)
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Figure 17: Top three areas for beaver relocation in Kittitas County based on findings
from this study.
The three areas circled on the map show sections of streams that occur in
commercial forest land that have a large amount of connected and suitable beaver habitat
away from urban and residential developments. To take this recommendation a step
further, a future study could be done to determine beaver dispersal patterns and how
much range this species requires for successful long-term colonization. Not all suitable
areas on this map are created equal, as some areas are highly fragmented or too small for
long-term settlement (Figure 17.) Using this model as an approach for relocation
suggestions requires knowledge of local policies and ideas of how to collaborate with
land owners on wildlife management. If I had to approach a landowner dealing with a
nuisance beaver, I would first need to ask if they would like to co-exist with the species,
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or if they would like it removed. If the owner would like to keep the beaver on their
property, I would suggest that they build protective fencing around trees and structure
that they would not want damaged by beaver chews. I would also be sure to outline the
benefits they may gain from this species but warn them of the risk of property flooding. If
the landowner wants the beaver removed, it would be important to educate them on the
permits required to do a non-lethal removal through the WDFW. Collaboration with
agencies and landowners can be difficult when they have conflicting interests. In a case
where a landowner would prefer to lethally remove the beaver, I would work to educate
the landowner of the benefits that beaver may provide elsewhere on a stream.
There may be situations where a beaver is providing beneficial ecosystem
services to an area of critical habitat for a protected species. Unfortunately, this critical
habitat does not always lie on lands that are managed by government or private agencies.
If a landowner requests a beaver removal from critical habitat within their land, the
contacted agency could attempt to incentivize keeping the beaver colony there with
subsidies or grants that provide compensation to the landowner.
The findings of this study support the conclusion that preliminary habitat
investigation and assessment is necessary when attempting to relocate and re-establish
beavers. Whether nuisance beavers are being captured and relocated, beavers are being
used as a natural form of stream restoration, or a combination of both, it is important to
do extensive habitat feasibility studies before the beavers are released at candidate sites.
Feasibility studies should include utilizing the combined slope and stream proximity
analysis provided by this study to broadly choose areas within the region, then secondary
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field visits to assess vegetation availability, seasonal stream flow, and current land use
that might make beaver colonization difficult.
Furthermore, this study also showed that beavers tend to seasonally move to
various sites along a stream. Beaver dams that were clearly active in the late spring and
early summer were abandoned in the late summer or early fall. Similarly, some sites that
seemed abandoned in the spring were reoccupied later in the fieldwork season. In the
case of the Moonlight Pond on Taneum Creek, the dam was actively being maintained in
May of 2021, abandoned in July, and re-occupied by September of 2021. This supports
the idea that suitable beaver habitat encompasses more than just the portion of stream
where an active dam or lodge is located, and that further beaver habitat suitability studies
should incorporate a range component to ensure that beavers are able to migrate
throughout the stream. A useful future study in Kittitas County would be to equip beavers
with radio collars to track their seasonal movements along a stream to better understand
what type of environments they are choosing to inhabit.
Although this research did not yield any significant differences between beaver
pond and main channel habitat, it is important that we continue to utilize the ecosystem
services they provide by continuing to relocate beavers to degraded streams. Results and
conclusions showed that beaver ponds provided positive indirect effects, such as cooling
of streams at the outlets of dams and creation of pool environments. Agencies should
continue to use beavers as a means of natural stream restoration, water storage, and
source of LWD in Kittitas County and study their additional impacts on the watershed.
Much of the public land in Kittitas County is multi-use, meaning it can be used
for various types of recreation and open-range cattle grazing. The study site on Jack
70

Creek falls into an area deemed highly suitable on the GIS model, but beavers were not
utilizing this area due to riparian damage from grazing cattle. This information can be
used to alter grazing management to protect streams and beaver ponds that may be
providing ecosystem services. The Bureau of Land Management (BLM) oversees cattle
grazing in Washington and should be aware of streams within grazing areas. These
streams and riparian areas could be protected from trampling and riparian vegetation
damage by implementing better riparian fencing, frequently alternating grazing pastures
to reduce overgrazing, and providing cattle with ample alternative watering stations so
they are not forced to use streams. This kind of management can be difficult due to lack
of personnel and the dry nature of Kittitas County that limits water availability, but it still
needs to be considered.
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